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We, Murray -Stuart, D.Sc, PhD 
MJnst.P/T., .a British Subject, of Dash- 
wood House, 69, Old Broad Street, 
London, B.C.. 2, -and Lewis Murray 
5 Stuart, a British Subject, of 78. Lord- 
Street, Liverpool, Lancashire, do hereby 
declare the nature of this invention 
to be as follows: — 

This invention is for improvements in 
10 or relating to the refining c f oils and has 
particular reference to the treatment of 
oils consisting wholly or mainly of hydro- 
carbons. Such oils include petroleum, 
synthetic and hydrogenated oils and the 
15 oils ■ obtained by the distiHation of coal, 
lignite, carbonaceous shale, neat 
torbnnite and the like. It is well known 
that oils such as those just mentioned con- 
tau^ m addition to liquid livchocarbons 
20 varying amounts of undesirable constitu- 
ents meludihg compounds containing 
. combined sulphur, dissolved bitumens and 
unsaturated t . hydrocarbons which aore 
'liable to oxidize or polymerize to form 
25 products of -a gummy or resinous nature. 

it has been proposed to remove imcom- 
bmed sulphur .and eai'bon from hvdrdcar- 
bons by oxidising these substances to 
their gaseous oxides with ozone or with 
a mixture ot ototie efid air or ozone and 
oxygen. Oxidation of a sufficiently 
vigorous character to oxidize free caa-bon 
or sulf>hur leads also to the oxidation of 
a large proportion of th© unsaturated con- 
35 stituents of the oil, and as ur^afcurated 
hydrocarbons form a not inconsiderable 
proportion of the oils obtained by the dis- 
tillation of .cwhonaceous materials or %v 
cracking processes, it is a matter of im"- 
4« porfcance to prevent undue loss of this 
portion of the product. 

We have found that an oxidising asent 
consisting of ozonized air (as distinct from 
ozone mixed with air) prepared bv the 
45 usual t^pe of air ozonizer is snfficientlv 
powerful to oxidize combined sulphur 
compounds and those unsaturated com- 
pounds which are responsible for the 
™ P 1 ™/ 1 * 1013 ° f srwms and resins while leav- 
^° m 2 fr|e sulphur and carbon and the more 
[Price 1/-], 



unsaturated %drocaiibons U32- 
atta^ked. The oxidized products are effec- 
tively removed from the oils by processes 
of washing and distillation. The present 
invention accordingly consists in a process 55 
for refining hydrocarbon oils which com- 
prises treating the hydrocarbon oil with 
ozonised air so as to oxidise sulphur com- 
pounds and those unsaturated compounds 
which are responsible for the formation 60 
of gums and resins* without oxidisin* free 
sulphur and free carbon and subsequently 
washing the oil with an -aqueous alkaline 
solution and distilling. 

The oil may be sprayed into the ozon- 65 
ised air or the ozonised air may be blown 
through the oil. In one convenient form 
of apparatus the oil descending a bubble 
tower is treated with an ascending ciutrent 
of ozonised : <ah\ ° ■ 70 

The ozonised ah* treatment leads to the 
conversion of sulphur-containing com- 
pounds such as mercaptans, alkv* sul- 
phides and disulphides. thiophenes and 
thiophanes into oxidised products which 75 
are soluble in aqueous alkaline solutions 
white the bitumens «and the unsaturated 
hydrocarbons which oxidise o»r polvmerise 
into gums and resins form products which " 
precipitate from the oil before or are ex- 80 
tracted from solution in the oil during the 
jdkalme washing, or form compounds of 
high boiling point from which the oils are 
removed during the subsequent distilla- 
tion. ^ 

If desired, the oil after treatment with 
the ozonised air and before washing roav 
be filtered. 

The aqueous alkaline solution for wash- 
ing the oil mar comprise for example a 90 
solution of •sodium hydrate, sodium car- 
bonate or preferably a solution of cairinm 
hydrate, and the method of separating the 
oil from the aqueous liquid prior to; dis- 
tilling the former may be nnv one of the 95 
well known processes -emploved in the oil 
industry. 

The chamber in which the oxidizing 
treatment takes place may be heated or 
the oil may be passed into it in the vapour 100 
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phase. It is desirable to take precautions 
to ensure that the oils undergoing the 
oxidizing treatment are free from mois- 
ture. 

5 The oxidizing step of the process of 
refining is usually carried out under atmo- 
spheric pressure but it will be appreciated 
that the temperature and pressure adopted 
in the treatment of any particular oil will 

10 depend upon fee nature and amount of 
oxidizable impunities present and that 
these last mentioned factors . will -also 
govern the concentration of the ozone re- 
quired in the ozonized air. the;, proportion 

15 of ozonized air to oil and the time during 

- wjiich . the . .air and oil are permitted to 

- remain - in .contact"; .jt-wiil-be clear from 
(he foregoing that a knowledge of the 



main impurities to be removed from any 
particular sample of oil is essential to 20 
success and that a simple preliminary test 
is in most cases advisable. 

This, invention finds application not 
only in the refining of crude oils but also 
in the treatment of the fractions obtained 2a _ 
from them. When applied to those frac- 
tions yielding lubricating oils it is found 
that in addition to removing undesirable 
•constituents the treatment results in an 
1 increase*, in viscosity which enhances the 30 
value of the product. 

Dated this 19th day of November, 1930. 

BOULT, WADE & TEWNAXT, 
-111 & 112,- Hatton Garden, London, 
B.C. 1. 
Chartered* Patent Asrents. 



PROVISIONAL SPECIFICATION.// 
No. 22,784, A.D. 1931. 
Improvements in or relating to the Refining df Oils. 



We, Murray Stuart, DjSc, Ph.D., 
M.lnst.P.T., a British Subject, of Dash- 
wood House, 69, Old Broad Street, 

35 London, E.C. 2, -and ; Lewis » Murray 
- Stuart, u British Subject, of 78, Lord 
Street, Liverpool, Lancashire, do hereby 
Jticiaru the nature of this invention- 
to be as follows: — ' 

40 ^ This invention is for improvements in 
o> relating to the refining of oils and has 
jKJrticular reference to the treatment of 
oi!s f-onsisting wholly or mainly of hydro- 
carbons. 

45 In <.iir ro-pendin'g Application Kb. 
;U.B73/30 we have" described the purifica- 
tion of oils by treatment with ozonised air 
ko ns to oxidize sulphur compounds *and 
those* unsaturated compounds which" are 

50 responsible for th© formation of gums and 
m<ins without oxidizing free sulphur and 
five carbon and subsequently washing the 
oil with an aqueous alkaline solution and 
distilling. ' * ■ ■ 

55 'We have now found that * while this 
t real u ten t l< effective in converting certain 
snim and resin -forming constituents "into 
casHy removable products it ' is advan- 
tng**o?i* in 1he rase of other gurn and resin- 

60 forming substances which are less amen- 
sihle to treatment, to .employ a catalyst, 
condensing agent of contact substance or 
mixture of catalysts, "condensing agents, 
or contact substances, -in conjunction* with 

f>o the ozonized* air 'treatment. 

According to -the present ' invention 
there is provided a process for refining 
h 'Vlrornrbon oils which comprises treating 
the oil with ozonized air in the presence 

70 of a catalyst, condensing agent or contact 
substance, or mixture of catalysts, con- 



densing agents, or contact substances, so 
as to . convert sulphur compounds and 
those unsaturated compounds which are 
responsible for the formation of gums and 75 
resins into products which are readily . 
removable without oxidizing free sulphur* 
and free carbon and subsequently washing 
the oil with an aqueous alkaline solution 
and distilling. • 80 

In cert ain eases the treatment of the oil 
with catalysts or contact agents may with 
advantage- follow the treatment - with 
ozonized air and this is particularly advis- 
able in those cases in which conversion of 85 
gum or resin-forming substances in the . 
presence of a catalyst or catalysts only 
takes place at such elevated temperatures 
as would lead to the ..thermal decomposi- 
tion of ozone. ■ 90 

Among the catalysts, condensing agents 

• or contact substances suitable for use in 

- the present process may be mentioned sul- 
phuric acid, the chlorides* or sulphates of 
heavy metals for example zinc chloride, 95 
iron chloride, iron sulphate, tin chloride..-, 
or copper- sulphate. Fullers earth 

" flaridin **, or "bauxite may also he used 
and the oil in the liquid or vapour phase 
may be passed through the catalyst. 100 

• • According to a modified form of treat- . , 
ment the oil is acted upon during or after 
treatment -with ozonized air with a -mix- 
ture of a salt of a heavy metal (for example 
iron chloride or iron sulphate) and sirl- 105 
•pburic acid in- such concentration as to - 
convert- the -potential • gum-forming com- 
pounds - hut to leave unattacked un- 

- saturated hydrocarbons which do not give 
rise to' gums and resins. 110 

It wilt be understood that the most — 
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emcicnt catalyst for the treatment of any 
particular oil will depend on the precise 
nature of the potential gum or resin- 
forming materials which it is desired to 

re w V ° , ai ? d a sim P' le ^ m indicate 

what catalyst or mixture of catalysts will 
be most effective. 



Bated this 12th day of August, 1981. 

BOULT. WADE & 'PENNANT 
HI & 112, Hatton Garden, London, 
B.C. l r 
Chartered Patent Agents. 



COMPLETE SPECmOATION. 



Improvements in or relating to the Refining of Oils. 



*,T 6 ' Mctba* StruABT, -D.flc, Ph.D 

in M *S St *4 T '' * British Object, « 
10 wood House, 69, Old Broad Street, 
London, E C. 2, and Lewis Muhbay 
Stuart, a British Object, of 78, Lord 
btreet, Liv-arpool, Lancashire, do hereby 
declare the nature of this invention 
15 mid m what manner the same is to be 
performed, to be particular! v described 
i,nd ascertained in and by the following 
statement: — * ° 

This invention is for improvements . in 

20 or relating to the refining of the various 
iracuons obtained by the distillation of 
crude oils consisting whotty or mainly of 
hydrocarbons. Such oils include petro- 
leum synthetic and hydrogenated oils 

15 and the oils obtained by the distillation 
of coal, lignite, carbonaceous shale, peat 
torbanite and the like and the products 
obtained by cracking suck oils. It is well 
known that oils suoh as those just men- 
i!°S contain in addition to liquid 
•hydrocarbons varying amounts of com- 
pounds containing combined sulphur, 
dissolved bitumens, and certain un- 
saturated hydrocarbons which are liaible 

35 to oxidise or polymerise to form products 
of a gummy or resinous nature and these 
unstable materials pass ove*- into the frac- 
tions obtained from the crude oils by pro- 
cesses of distillation or cracking. It will 

40 be understood that suoh polvmerisable un- 
saturated' compounds while not objection- 
able in themselves are undesirable in oils 
which are to be steed for airy length of 
time as under tbese circumstances gummy 

45 or resinous products are formed from 
them As gummy or resinous materials 
are highly undesirable in most distilled 
oil fractions particularly in the more vola- 
tile .and the lubricating oil fractions it is 

5Q .a matter of some importance to remove the 
gum-forming unsaturated compounds 
from these fractions by a method which is 
both simple and effective. It ' has been 
.proposed to remove uncombined sulphur 

oo and carbon from hydrocarbons bv oxidis- 
ing these substances to their saseous 
oxides with ozone or with ozonized air or 
ozonized oxygen. ' Oxidation of n suffici- 



ently vigorous character to oxidise free 
carbon or sulphur leads ailso to the oxida- 60 
toon of a large proportion of the un- 
saturated constituents- of the oil, and as 
unsaturated hydrocarbons fo«rm a not. in- 
considerable proportion of the oils 
* obtained by the distillation of carbon- 65 
aceous materials or by cracking processes 
it is a matter of importance to prevent 
undue loss of this portion of the product. 

We have found that au oxidising agent 
consisting of ozonized air prepared by the 70 
usual type of air ozonizer is sufficiently " 
powerful to oxidize combined sulphur 
compounds and those unsaturated com- 
pounds which are responsible for the 
formation of gums and resins while leav- 75 
mg free sulphw and free carbon and the 
more stable unsaturated hydrocarbons mv 
attacked. The oxidized products are 
effectively removed from the oils by uro- 
oesses of washing and distillation. ' The 80 
present invention accordingly consists in 
a process for refining oil fractions 
obtained by the distillation -of hydrocar- 

- bon oils which comprises treating the 
hydrocarbon oil fraction with ozonized air 85 
so as to oxidize sulphur compounds and 
those unsaturated compounds which are 
responsible for the formation of gums 
and resins without oxidizing free sulphur 

- and free carbon and subsequently wash- 90 
rng the oil with an aqueous alkaline solu- 
tion and distilling. It is advantageous 

in the case of certain oils which contain 
gum and resin-forming substa-nce* which 
are less amenable to treatment,- to employ 95 
a catalyst, condensing agent or contact 
substance or mixture of catalysts, con- 
densing agents, or • contact substances, in 
conjunction with the ozonized air treat- 
ment, and this invention further consists 10O 
in a process in which the treatment with 
ozonized air is accompanied by or followed 
by a treatment with a catalyst, . condens- 
ing agent or contact substance or with <a 
mixture of catalysts, condensing agents or 1.05 
contact substances and the oii is subse- 
quently washed with an aqueous alkaline 
solution and distilled. This catalyst, con- 
densing agent or contact substance is a 
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substance such as a salt of .a heavy metal 
(far example iron chloride or- iron sul- 
. phate) or sulphuric acid, or Fullers earth, 
" noridin *\ "or bauxite which poly- 
•5 merises the gum^'forming compounds' but 
leaves unattached"** .those . unsaturated 
hvckocarobng* which do not give rise to 
gums and ffesins. 

. The treatment of the oil with catalysts 
10 condensing agents or contact Substances* 
may with advantage follow the treatment 
with ozonised air and this is particularly 
advisable, in those cases in which conver- 

-ioqn of gum or resin-forming Substances 
-fe "in the- presence of ac^alyst or catalysts 

~6nly-talke£ place at such elevated tempera- 

-furesTas would lead to~tbe> thermal- decbifi- . 

" .position of ozone/ - - • 

- Among the "catalysts*, condensing agents 
-*20 "or contact substatices siiitable for use in 

■ this modification- o£ the present process 

- niay : be mentioned " sulphuric acid,- the 

* cHoricEes- ojr sulphates of heavy mettals for 
.example zinc chloride,, iron chloride, iron 

25 • sul|>hat-e or persulphate, tin chloride- or 
■copper sulphate. • •Further, a salt of -a 
T heavy mm (for* example iron chiloride or 

* iron sulphate)' together with sulphuric 
■ : acid in* such . Quantity and concentration 

- SO * or dilution . as to convert the potential 
•gum-fcammg." compounds but to leave tm- 

* aitacEed ^unsaturated- byd^earhons which 
: do not .give: rise to gums and. resins- may 

* b& employe*"!. Puller* e'arth, " ndridih " 
*S5 of bauxite may.als^ b£ usfcd and .the oil 

"in the fiquiti oi> vapour pliiage may be 
; pasSed thro'iigh the* catalyst. . - - 
" The precise natusfc of the reactions 
-.Which ta&e . place when *o*iI *frac"Mons are 
^40 . treated with' ozonized * air in accordjaaice 
'Wit& this" h^-entioii-is- doubtful: 
' ihe oil rr^cti'dns to be teeated ma^'be 

* sprayed into " the ozonized' : air or the 
'ozonized air "maybe" blown' through" the 

: 45 * oil. In convenient* form of . «ppaara- 
' tift the oil deseiMhig i bttbBlB -tower' is 

* treateS i'W-lv ' an asicenaihg*: aurrent- ? of 
■". ozonized tin.*. " Thg" tf eatmertt wit"h ozon-f 

^. ; iied air may if desired- "Be carried out 
*'" oO " under redude£"preSsum • 

Th> ozonized air fe-eafcnietit leads to the 
"inversion of SuI|^tii^eOntaining- com- 
pounds such as mer^ptaiiS, alkyl sul- 
. . ":piiiaes and o.isu*lphides 3 thioplienes* -and 
" • AS- . thiopnanes irito pxid&ed proditets - which 
are soluble in .a^ufelis alfcaline solutions 
••' while the bitumens W the * unsaturated 

* hydfocarbons which oxidize" or golyineiize 
into gums and" resins dronr products which 

" o*0'~ precipitate rrom the oil before or are ex- 
tracted from solution in the oil during the 
alkaline washing, <&• form . compounds of 
' Mgb boiling "point from which the oHsare 
removed during the subsequent distitla- 
65 tion. 



If- desired the , oil, after treatment with 
the ozonized^ air and before - washing raa"y 
-bv~ Altered. ■" -.*...• 

TOe aqueous alfcaline solution- for "wask- 
;ing the oH- may comprise for example «a 
solution of sodium hydrate, sodium car- 
bonate or preferably in s&me e"ases a solu- 
tion of calcium hydrate, and the method 
of separating the oil from the aqueous 
liquid prior to distilling the former may 
be any one of the well-known processes 
employed in the oil industry* 

The chamber in which the oxidizing 

• -feratinent -takes - place' imay .be - heated or 

- the oil may.b:e : -pass«sd into it in the vapour 

• £base. It-is desirable to take precautions 

• t-> ensure that the oils .undergoing the 
oxidizing treatment, ore free fro in mois- 
fcuse. ...... ... 

• The oxidizing : step of the process of 

• reikiing is usually, carried out under atmo- 
" spheric pressure Srtz&.it will be appreciated 

• tftfelt the temjje;)L-ature and pressure adopted 
in the treatment of any pai*tieahir:0ii will 
^depend upon the • natuara and amount of 
oxidiizable impjtU'ities present and that 
-the*se-- last mentioned factors will also 

• govern the- concentration- of the ozone re- 
quired iii the ozonized air, tha .proportion 
of ozonized, air to oil and 1 £he lame during 
which the air and o3 are pearmitted to 
remain in contact. It .will also be ynder- 
^tofed* that- in -those, modincations of the 
proeess in - Which catalytic materials are 

'used the optimum amount of. catalyst, 
condensing «agent or contact substance and 

• the optimum -temperature and . time • bf 
-.treatment will depend on the nature of 
the oil and its impurities. It. will be 

• elear firom the foregoing that a know- 
ledge .of the - inain - impurities to. be re- 

- moved from' "any -pai*tieular sample of..€>il 

• is essentia to success and that a simple 

• preliminary test is in most cases advis- 
" able. . 
-* Wheii' applied to those fractions, yield- 
ing lubricating oils it is* found that in 
addition to removing undesia:a*bfe eon- 
stituenfe the feeaiment results in an in- 

' crease in ' viscosity which enhances the 

- value «4 the product. 

Foilowiug is* «t description by way of 

- example of " one method of canwing the 
" indention irito effect. 

. A petrdletim oil fi-action containing as 
" aii impurity r ' unsaturated compounds 
which* by " processes • of " oxidation and /or 
'polyni:6risa.tion form ' gums or resins is 
allowed to' descend a bubble tower main- 
tained <at atmospheric temperature and is 
met by an ascending current of ozonized 
air produced ha an ozonizer of usual form. 
The oil on reaching the foot of the' tower 
is run into a still and is vaporised, the oil 
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pacarea with flbridm " or other similar 

polymerisation of gum or rasin u. m ;Z 
5 unsaturated compounds. ff tS 

wasnect with a goi^ou rf calcium 
hydrate and finally fractionated £ 
m. of the usiL t y pe Ctl<>nat,ed m 
10 We make no olaim to anything dfe 
closed in -Specifications NoT SS ito 
8486/07; 22,430/06 «nd 17,371/99 ^ 

asSrS^Z Par ! kular ly d ««ibed and 
asceitained the nature of our said ;r,™„ 

cfairTis!- ' ™ dedare that wba * ™ 

A , P* ooe& s for refining oil fraction <=. 
obtained by the distillation of 5X5? 

fraction with ozonised adr so as to oxidize 

J hlch are responsible for the 
formation of gums and resins without 

free Bul P hu » free 
and subsequently washing the 5 with an" 
aqueous alkaline solutk)n ^ 

«U1 «w ^ ? roo ?, ss for refining oil fractions 
30 obtained by the distillation of hydW- 
bon oils as claimed in Claim 1 wherein 
ae.tr/atoent ozonised air is ac^om" 

nSLSt* b7 a ^atmenWfe 

ofalyst, condensing agent or contact 
4*5 substance or with a mixture of caXtf 
or contact sSSSS 
hereinbefore referred to and the oil is 

hon oils as claimed in Claim 1 or Claim 



367,848 



4. A process for refining oil fractions 2* 
obtained by the distillation ot hydScS 
bon oils as claimed in any one of the 
preceding claims wherein the treatment 
with ozonized air ' alone or with the ' 
tf^T \ < ? onde * Bin * "gent or contact sub- 50 
stance takes place at an elevated tem- 
perature. " 

~kf'- A i ^ roo, ess for refining oil fractions 
obtained by th* distillation of hydrocai- 
bon oils as claimed in Claim 4 character- 55 
ised m that the hydrocarbon oil is vapor- 
ised and brought into contact with the 
oataJyst, condensing agent or contact sub- 
stance. 

^f*- A J ?'° C ^ S f ? r ^ ^ fractions 60 
obtained by the distillation of hydrocar- 
bon oils as claimed in anv one of the pre- 
ceding claims wherein the treatment with 
ozonized air is carried out under reduced 
pressure. . 

7. A. process for refining oil fractions 
obtained by the distillation of hydrocar- 
bon oils as. claimed in any one of the pre- 
ceding claims which includes the step of 
Altering the oil before treatment with the 70 
aqueous a-Jkaline solution. 

8. A process for refining oil fractions 
obtained by the distillation of hydrocar- 
bon oils substantially as described in the 
specific ©sample hereinbefore set forth. 75 

011 &a o*ions obtained by the dis- 
tillation of hydrocarbon oils whenever 
purified by the process claimed in anv one 
of the preceding claims. 
Bated this 17th day of August 1931 
BOTJLT, WADE & TBNNANT * 
111 & 112, Hatton Garden, London 

e.c; 1, 

■ Chartered Patent Agents. 
Reference has been directed, in pursu- 
ance of Section 7, Sub-section 4, of the 
patents and Designs Acts, 1907 to 1926, 
to Specification No. M6,152. 
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